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Microfabricated, Flowthrough Porous Apparatus 
for Discrete Detection of Binding Reactions 

Background of the Invention 

r versions of SBH, invo.ving stepw.se ^ implementa ,ions. 

with arrays of DN A samples gridded onto mem . ^ 

array of 

^onucleottde ^ to . for m of SBH m which 

The term "genosensor has nere ,: mpn c iona l array and serve as 

microelectronic components are pre* 

detectionofhybridizationacrossthearray. in whta h 

^ present invention ^^^J^ pack ed pores or 
nucl eic acid recognition elements are — « ^ 

^fabrication techntques are avatlab P ^tj^eTosensors utilize a 

glass and porous siHcon use*. —"«— ^ ^ 

etectronic detection components, film, charge-c 

25 and phosphor storage technology ^ as 

The following advantages for the novel 
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sur face-tethered probe from hours to rniUiseconds), speeding hybridan and enabl.ng 
m isma.ch discretion a. bo* forward and reverse reacons; 

(3) enabiement of the analysis of dilute nucleic acid soluaons because of .he 
ability to gradually flow the solution through the porous wafer; 
5 ;> facililn of subset rounds of hybndization involving del.very of probes 

to soecific sites within the hybridization array ; 

5) facilitation of the recovery of bound nucleic aods from specific by— n 
ste s within the array, enabling the further analysis of such recovered molecules; and 

l0 each isolated region due to the avoidance of the rap-d drytng of small droploets of probe 
solution on flat surfaces exposed to the atmosphere. 

Accordingly, the present invention provides an improved apparatus and me*od 
_for the sinuutaneous conduct of a multiplicity binding react.ons on a substrate, 
-which substrate is a microfabricated device comprising a set of discrete and 

isolated regions on the substrate, 

-s U chmateachsuchdiscre K andiso,a,edregioncorrespondstothe.ocat,onof 

one such binding reaction, „ nfi -ii v 
-in which each such discrete and isolated region contams an essent.ally 
homogeneous sample of a biomo.ecule of discrete chemical strucrure fixed to such 

sampl e, containing one or more molecular spec.es capabie of control bmd.ng w.th 

one or more of the pre-determined biomolecules, 

^e detection ofme bounded regions in which such binding has ta k en Place 

25 vieidsapauernofbindingcapableofcharacterizingorod.erwiseidentifyingme 

molecular species in the test sample. 

The present invention specifically provides novel high-dens.ty and uUra-h.gh 
d e„sity microfabricated, porous devices for the conduction and detection of^ndmg^ 
ZL in particular, the present invention provides improved "genosenors a d 
30 » L use thereof in the identified or character.za.ion of nucleic, _ 
seauences through nucleic acid probe hybridization with samples conta.n.ng an 
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, • -a .a * cDNA mRNA, recombinant DNA, polymerase 

, TltJandhasenab.edmin^ruationandauto.natio nofmanufac tunng 
e,ectromcsiridus.ryandna micr „fabrica t ion techno.ogy in 

biomedica! research can be seen in the growing p , n 
analytical inst— .onanarobo.cs.the™.^ ^ X 
oratories engaged in high throughput genome mapping an s« 

nf a task that whose economics wouia grcauj 

r-r.^-^-^ 

" *»* ■»»- * 8OT ° me ^ "Ias with iabe.ed DNA probes ,s a 

gridding of .0,00045.000 different targe. DNAs onto a 12 cm x cm me 
s - t j t ,u, t t 1QQ3 in Venter, J.C. (ta.), 

5 Drmanac, R., Drmanac, S., Jarvis, J. and Labat, I. 1993. 

w nAM ^ M endm> and Analysis Techniques, Academic Press, pr 
Automated DNA Sequencing ana n j t e hrach H 1993. Science 

, •„„ „f linearlv ordered libraries, mapping of cloned 
genome mapping, including generat.on of Qf doned 

M « , n SDec if,c chromosomes or megaYACs, cross cu 
,0 genomtc segments to specific ReceM initiatives in "sequencing by 

in cDNA and genomic libraries, etc. rvcu C i 
sequences in cDNA an g .... hiph density hybridization arrays. A 

, • j ■ ♦ w /cnm aim toward miniaturized, high aensuy ny 
hybridization (SBH)aimtowd mpm hranes or on flat 

seri „u sl im ta tiontom— "'V^*^^^ 
sur faces is me quantity of DNA present per umt cross sec—, 
dimensional surface) is a function of the surface area. This paramete 

- DN A ^ - ^ ^ ^are current, being deve.oped in 

Genosensors, or miniaturized DNA chips nNA chips typically 

sev era, laboratories for hybridization analysis of DNA sample *DHA hip ry 
emp.oy arrays o, DNA probes tethered <o ; fla, surfaces, 

t a t onH 9nlas D 1991. Science 251 .767-7 / 3, 
Pirmng, M.C., Stryer, L. Lu, A ^ ^ 13:10O , l017 , Egge rs, 

Southern, E.M., Maskos, U. and Elder, J.K. 
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HARC0001 Bea taeKL.,Hollis,M.A.,Ehrlich, 

Los Ange.es, CA. - Seattle. K„ ^^^J^. 

, Hollis, M., H«*. - se^ce of the ^t 

t0 acquire a hybridization pattern that reflects the ^ . n 

— :: 

deslg „ introduces a rate-— step in the 

fattens an. increase the cross section, fey . compact 

Typ ,ca, ly microfabricated genosensor dev.ces are char. 

phys ,ca, s,e and the density * components located _ rf 

„,vnicallv rectangular wafer-type apparatuses wi 
binding dev.ces are typtcaily r ^ ^ ^ ^ ^ devjces are 

appr ox,mate one cm- e.g., ^ de ^.^ of 

typically present in a dens.ty of 10 « has be en regarded as an important 
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such an microapparatus, * is advantageously appHed to a broad range of molecular 
binding reactions involving small molecules, macromolecules, particles, and cellular 
systems. See, for example, the uses described in PCT Published Application WO 

89/10977. . ^ , 

5 Ordinarily the microfabricated apparatus is used in conjunction w,th a known 

section technology particularly adapted to discriminating between bounded regions , 
which binding has taken place and those in which no binding has occurred and or 
quantising the relative extent of binding in different bounded regions. In DNAaj* 
RNA sequence detection, autoradiography and optical detectton are advantageous* u e 0 . 
10 Auto^oWHperT^edusing^Por-Slabenedsamples. For— DNA 
seance analysis applications, nucletc acid fragments are end,abe,ed w.th "P nd these 
end-labeled fragments are separated by size and then placed adjacent to x-ray film as 
nee ded to expose the film, a function of the amount of radioactivity adjacent to a reg.on 
of film Alternatively, phophorimager detection methods may be used. 
15 optical detection of fluorescent-labelled receptors is a.so employed in detect.on. 

ln traditional sequencing, a DNA base-specific fluorescent dye is attached cova.ently ,o 
the oligopeptide primers or to the chain-terminatmg d.deoxynuc.eotides used ,» 
conjunct with DNA polymerase. The appropnate absorption wave ength for dye 
is isen and used to excite the dye. If the absorption spectra of the dyes are clo, o 
20 each other, a specific wavelength can be chosen to excite the entire set of dy- One 

which stains duplex nudeic acids. The fluorescence of these dyes ; exhtbus an 
approximate twenty-fold increase when it is bound to duplexed ON A or RNA when ^ 
Ipared to the fluorescence exhibited by unbound dye or dye bound to smg.e- tran^d 
25 DnI This dye is advantageously used to detect the presence of hybrid polynucletc 

aC,dS ' A h,ghly preferred methc. of detection is a *«-~»^^~ 
array With the CCD array, a individual pixel or group of pixels wuhm the CCD array 
is placed adjacent to each confined region of the substrate where detection ,s to be 
30 n ertaken Ught attenuation, caused by the greater absorpt.on of an ill— ng „ g h, 
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has taken place. Lens-based CCD cameras can also be used. 

Alternatively, a detection apparatus can be constructed such that sens.ng of 

5 co „fmedre g ioncanbemeasured. Sitnilarly, by forming a —ton l.ne between 

yth e radio-frcuence (KP) loss. The preferred methods for - 
^cation WO 93,2*78, pub.ished November 11, 1993, and expressly mcorporated 
10 ^'"^attachingsamplesof— ,y homogeneous b—es of a 

Dre determined structure to the confined regions of the microapparatus are Ukew.se 

surfaces such as glass or gold ftlms. For example, methods for —"led a, 
15 oligonucleotide probes to glass surfaces are known. A primary am.ne » - ^ 
on terminus during me chemical synthesis thereof. Optionally, one or more tnedtylen 
gly^ccTunits may be introduced therebetween as spacer units. After derivatizmg tte g' ass 
Lee in the conftned region with epoxysilane, the primary amine termmus of the 
oligonucleotide can be covalently attached thereto. 

fl xing the pre-determined biomo^es in the bounded regions of the nucleated 



apparatus. 
Related Art 
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Khrapko K R., e. *..A method for DNA seauencin, oy Hybridization W itn 
oligo JZ ^ , -A Scuencng and Map,ng, ,3.-333 (1 »*0~ 

•„• Af 75 clones arrayed on mem^an^Electrophoresis ii.566-573 

^ d p» a i D NA Sequence Determination by 

Nature 367:375-376 (1993), Drmanac, R. t et al., ^ ^ 
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Hybridization: A ~ M * ^ ^ Sequences by 

(1993) , Southern, E.M., et a! « &p— , ^ 

Hybridization » *™> ofOU S onucleouae, E ^ ^ 

amplified DNA with immobilized Se " ^^ ^ ^y. hybridization 
Acad.Sc,USAS*6230«^^^ 

d— tions.^^ 

sub stra.e. E gg ers, mem D . ^ ^ ^ in DNA 

aMt0 m^ BIW ; „ ional society for Optica. 

Engirding, 21 January 1993, Beam, aad 
Chemistry 39:719-722 (1993); " ' "^^^ Nuc , Ac ids Res. 22:2121- 21 24 

:s==5=~ss=ss- 

useful in sequencing by hybridization (SBH) for DNA. 

Summary of the Invention 
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T^presen. invention paAuiariy provides: 

„ In . tnicrofabricated an^-JJ^ and , solated reg ions arrayed 

across a surface thereof and adapted to tntera ^ ^ ^ 
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molecular species in said test sample, 

: * improvement above wherein satd discrete - — «*» «""~ 

(e) The improvement above compnsmg a h.gh denstty arr ^ 
sald „ and isolated regions on sa,d nanoporous ^ , 

„ ^uPlOO ,m. the spacing between accent reg-ons ^ ^ ^ 

ab^"^ 

sa „and isolated regions ^^^^^^ 

relative to said first surface, whereby the resulung 
said substrate. 
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rrr:r::i-»— - 
:r— l..— — - 

binding reactions, comprising: 

^asubstrateprovidingarigidsupponforsa^evc. 

» nf discrete and isolated regions arranged across a sun 
(2) an array of dtscrete (hereby 
substrate and extending therethrough to a second surface o. 

forming pores in said substrate; determi „ed set of biomolecules, 

(3) s ubstant,aUy homogeneous such ^ one or mo re of 

said biomolecules is capable of binding wiui 

therethrough; and h ion whether a 

(4) adetectionmeanscapableofdetermmingforeachsu 

30 mo.ecjJspeciescontainedinatestsamp.e.saidde.cecompnsmg- 
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(1) a « coining a rnuUipUcity o f discrete and isCa.ec, regions arrayed 
\f ce thereof and adapted to interact with or integral interacung w.th a 
across a surface or „ identifying and addressing each 

structures fixed in each of said said ^ 

10 molecular species in said test sample, 

• - c in the field of nucleic acid sequence analysis, l wo iu 

m *Tz: «».«-'---"-'"'"" i, ; 0 „ 

„ .i ™» « _ ^. CO - 

sssssrsss 

pairing properties as T m DNA. ^ Q ^ ^ m ^ 

» ,^s=s=r~ — 
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, • „f nucleic add sequences outside the cell. A nucleic acid strand of 
for the anaiys,s of nuc, « . J ^ ^ w .. probe „ for ^ 

presence of the perfectly P ^ jf a sample 

(Conner, et a,., P„c. ^ ^ ^ . ^ ^ „ prob , fining a 

* DN A ° r ^ 15 wmld to the nuc.eic acid "target" — "* " 

specific base sequence, the probe w,U ^ 

.ere is perfect (or near-perfect) ^ ^ sequence in . 

Xh e hybridization event which indicates ft. •-"T^ ^ add sample 0 r 

»■ - 

U.S.A., 86:6230-6234 (1^- . c the current methods are limited 

action of mutations associated with genet, diseases, the urren 
by the necessity of performing a separate hybridization r^or - ^ 
nation. Many human genetic diseases, for e,mp,^ ^ ^ 

manyl ocat,ons W i*intheaffecred g enes. to « h^c ~ ^ 
labori ous DNA sequencing procedures to ' ^ ^ „ DNA 

currentiy necessary for such muta.iona. analyses. ^ 
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_e polymorphisms can serve as usefU, markers in genetic mapping whence 
detectableDNA sconce changes are dose,, lirfted to phenotypic makers an. occur at 
afrec.uencyofatieas.S^of.i.eindividuaiswiOunapcpuia.ion Inadd lt ,on. 

polymorphisms are emp.oyed in forensic identification and patermty testmg. (Mr 
5 ZaZ — for detecting generic polymorphisms invoWe Venous sear h for 
'ILion fragment .engthpoiymorpnisms" (RF U.S) (Lander and Bottstet. P o . 

c • tt c a RV7353-7357 (1986)), the likewise laborious use of gel 

whi ch til.es oligonucleotide primers of arbitrary seance (WuUams, et a .. Nu 
10 AcidsRes 1 S ; 6531-6535 (1991) ; WdshandMcC 1 eUand,Nuc 1 . Acds Res.. 18.7213 

variable length) in genomic DNA. Weber, James L„ Genom.cs 7. 524-530 (199 

=5===r=S==s= 

* * — — «• -7,.™: 1H. 

h Wnim. of cellular populations involving bmdmg of cell surtace 
interacts, and profil.ng of l< ^ within individual binding sites. 
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ZZ - — , m—ules, particles, an, celiular systems. 

Brief Description of the Drawings 

Figure 1 depicts the use of an array of tapered samp.e wells that compr^a 
mh er for me porous wafer containing 0.1 OO^mcr^diameter 

which a s „ is driven through the sample wells, 

with the upper surface of the P ^ ^ 

Specifically depicted in Fig. 2 is the use oi 

Fig 2 with an additionally op.iot,l pressurized upper chamber. Again, 

sequence depicted on the left side of th gu correspo nds to 

IDN0 2 One of the two sequences in the right side of the t.gu fe 
t 3 22 of SEQ ID NO:4 (sequence with A in the 16th posmon from th left) 
25 nucleotides 3-22 of SEQ ID ^ Q A 

and the other to nucleotides 3-22 of SEQ w r> 

30 the assay procedure are provided in Example 11. 
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Detailed Description 



• ■« more readily understood through the following preferred 
The present invention is more readily unu 

embodiments: 

. rF 1992 Science 258.783-/83. nwa 

.. » — „ „,„ «_„„„ »„,. i. . 

Nanochannel glass arrays are taorica etchab le. 
predetermine 

Construction of a two-dimensional hexagonal close ^ j^^j . n inert glass 
20 . cylindrical acid etchah.e glass tod (tested to -J^^ „ the rod . The 

Mbe (referred to as the matrix glass) whose mner ~° rf , fine 
pai H sth endrawnunder V acuumto reduce ™s process is 

foment. The filaments are then staged. «^ rf amy „ s 

continued until appropriate channel drameters and the ue ^ ^ 

25 areachieved. * ^ ^ ^ 

me outside dimension of the inert glass tuhing, the p „ 

.ddteir diameters ^^^^^^p^— 
Once the fabrication process » complete, the NCG m ^ 

tothe direct.on of ^^^'^^Z^^^' 

30 j.omm sections ofmate™L The channel glass of the array stru 

away with an acid solution. 
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A agonal Cose pacing arrangement o, channel g.asses, after acid etching, 
really 450 nm and the center-to-center spacing ts approximately 750 nm. Th typ 

spaced typically 25 ,m apart from neighboring arrays. 

FX AMPLE 2- Well Arrays Defining Discrete and Isolated Binding Reg-ons 
EXAMPLE, wen / bonded on the upper 

The NCG hybridization arrays described ,n Example 1 are 

„ 

These tasks are undertaken as follows: 
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in the microelectronics industry, the present invention most advantageously employs 
polymeric materials with me adhesive applied by the commercial vendor of the matenal. 
lexample.apolyamide wim a 12 ,m thick ,ayer of a B-stage (heat curing adhes.ve 
The primary requirements for the polymeric array material to be used are: 

1 High suitability for excimer laser machinability: 

i high absorption in UV (e.g., >4xltf/cm at 193nm), 

tt . high laser etch rate (e.g., 0.5„m/pulse ) and low hole taper (reducuon ,n hole 

diameter with depth into material, e.g., <3°); 

2 Obtainable in thicknesses up to 1 mm. 
Obtainable with B-stageldS^ne side which is both laser ab.atab.e and 



suitable for bonding to the nanoporous wafer; „ m „, ewe ,i 

4 . High rigidity and thermal stability (to maintain accurate ahgnment of samplewel, 
and NCG wafer features during lamination); 

5. Compatibility with DNA solutions (i.e., low nonspecific binding) 
S Part B: Ablation tooling and processing 

Contact mas, excimer laser machimng is a preferred processing technique « 
is , lower cost technique than paction mas, excimer laser machmtng. A pro.ecuon 
I sk ts, however, employed when the feature s,e less than 50 ,m. One or = 
with a variety of pattern s.zes and shapes are fabricated, along with fixtures to h old e 
20 IskandmIeria,tobeab,ated. These mas, are employ. ,to 

materia, for laser machining and the optima, machining condmons (>.«.. mask hole s z 
I denstty, input rate, etc.). Scanning electron microscopy and opttca, m.croscopy 
TIL to iect me excimer ,aser machmed parts, and to quantify the d— 
obtained, including the variation in the dimens.ons. 

I„ addition to ablating the sample wells into the po.ymenc matenal. th adhes 
materia, is also ablated. This second abiation is undertaken so that - = ^ 
h0 ,e in me adhesive is made .arger than diameter of the samp.e well on the adhe, 
Tie polymeric materia,. Thts prevents me adhesive from spreading mto the sample 
well and/or the nanoporous glass during lammanon. 
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PartC: Lamination tooling and processing 

Initial lamination process development is carried out using unablated polymeric 
material (or alternatively, using glass slides and/or silicon wafers). Cure temperature, 
pressure, and fixturing are optimized during this process development. Thereafter, the 
optimized processing parameters are employed to laminate both nanoporous wafers and 
polymeric arrays. The fmal lamination is done such that the alignment of the two layers 
creates functional wells. 

Part D: Production of polymeric arrays 

The optimal mask patterns and excimer laser parameters are determined and 
thereafter employed in the manufacture of contact masks and material holding fixtures. 
Typically, fabrication is done so as to produce a large number ( > 100) of parts as the 
masks wear out with use). 

EXAMPLE 3: Porous Silicon Wafers 

Two general types of porous silicon devices are prepared according to the process 
described herein. First, known microfabrication methods are used to fabricate wafers, 
bounded by integral sample wells. Second, uniformily porous wafer structures are 
bonded to the same orifice sample well arrays that were described previously (Example 
2) for NCG glass arrays. Porous silicon designs are advantageously employed herein 
because of their adaptability to low cost mass production processes and their ability to 
incorporate in the fabrication process structural dement, that function in fluidic entry 
and exit from the hybridization site and structures (e.g.. electrodes) that may function ,„ 
hybridization detection. Sable, open-cell porous materials are used to accomplish 
enhancements and to introduce qualitatively new features in these devices, whereby the 

surface area of discrete and isolated binding regions is increased by a factor of 100 to 

1000 in hybridization-based electronic, fluorescence and radiation-based DNA detectors. 

In accomplishing this objective, controlled introduction of high-surface-area supports a, 

the surface detection site is employed. 

Thin-film processing technology is used to deposit chemically inert and thermally 
, stable microporous materials. Materials and processing methods are selected to achieve 

,ow-cost semiconductor batch fabrication of integrated semiconductor detectors. The 
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microchip device provides in situ multisite analysis of binding strength as ambient 
conditions are varied. Porous silicon materials are fabricated in oriented, pore arrays or 
random interconnected networks and with pore diameters selected over the range from 2 
nm to several micrometers. 

5 Porous silicon is produced most easily through electrochemical etching. It can be 

processed into two important pore structures, interconnected networks and oriented 
arrays. The pore diameter is tailored from approximately 2 nm to micrometer 
dimensions by selection of doping and electrochemical conditions. For n-type material, 
etching is thought to proceed through a tunneling mechanism in which electrons are 

10 injected into the pore surface through field concentration effects. In the case of p-type 
material the mechanism seems to be through moderation of carrier supply at the 
electrolyte/silicon interface. In practice, the following structures can be fabricated: 

i) a dense interconnected network layer with porosity of 40-60% and sil.con 
filament size in the nanometer size regime. This is most easily obtained in lightly doped 

15 (< 1 Q-cm resistivity) p-type silicon. 

ii) a interconnected branched network of pores of typically 10-nm diameter, ax,s 
preferentially oriented along < 100> direction, and porosity of 30-80% depending on 
etching conditions. This is obtained in p-type material of 10 ' to 10* G-cm resistiv.ty. 

iii) dense oriented array: of pores oriented with axis along < 100 > direct.on 
20 and with pore diameters in the range of 10 to 100 nm. Obtained m p-type material wuh 

resistivity less than 10" 2 Q-cm. 

iv) dense oriented arrays of pores oriented along < 100 > direction and with 
pore diameters in the range less than 10 nm. Obtained in n-type material with resistiv.ty 

between 10 1 and 10" 2 Q-cm. 
25 v) dense oriented arrays of rectangular pores oriented with axis along < 100> 

direction, rectangle side defined by {001} planes, and with pore diameters in the range 
less than 100 nm. Obtained in p-type material with resistivity between 10 1 and 10* Q- 

vi) low density interconnected networks of large (l- M m-diameter) pores. This 
30 occurs in lightly doped n-type material. 

These materials are fabricated on the device structures described above. 
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HAR A v „ hv scanning electron microscopy. The 

<~rz:zz~~ 

surface wetting properties are van* 

chlorocarbons. Secular sieves are produced by 

High-porosity dieses which funcuon as ^ these — 

as mica and sapphire. In tbs memo MeV ^ 

particles) to produce disturbances or trades ^ ^ ^ 

nudear particles. More specially, Pnce rf ^ ^ y 

, m in diameter and densities on the order ^ m 

the material is hydroptul.c. , sample wells 

5 This may be constructed as follows. A tout 
illustrated in Figure 3. Th,s may ^ ^ ^ ^ Qnented 

thick wafer of crystalline silicon (n-type, do ^ ^ ^ 

.He2cmx2cm centra, areaofthew^^oce rfclolll , 
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EXAMPLE 4: Oligonucleotide Attachment to Glass/Si0 2 

A stock sohmon of epoxys.lan q $ ^ ^ 

ml ^r^^^^^ is flowed into the pores of the 

7— ^lU-na^desiccatcovetDnettueot 
15 tetr ahydrofuran,dt.edat80C,an 
stored in a desiccator under dry argon. 

"Tl^ine (introduced durin, the chetnica. 
Oligonucleotide, beanng 5 - or 3 aUcy ^ ^ ^ 

synt hesis> is dissolved at I*- - 50,M -^J^ ^ water at o.C - 

with 10m M triethylamine to cap off the » ^ ^ ^ ,„ water , 

flushed again water at 65'C and atrd ^ e ^ erivat i K d glass in 

EXAMPLE 3: Robotic Fluid Ddivery ^ with spe cial 

nl at 500 ,mxy, stepping and a few percenp 
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samples of biomo,ecules(,g D pi e xoelectrically controlled substage custom 

we .ls of the high denstty NCG wafer. n For 

samples, custom farted need.es « * ^ ^ the 

operated ^^^Z^^^ 
r thp astern has a large stage area ana 

nan oHter rn.crodrop.ets of ft. <o a surf ^ ^ ^ ^ ^ as 

fo „ows: For placement of DNA mto '» sphere or 100 .m 

density wafers, w.th vo.umes - „ „ 

cube) commercial., avai,ab,e dispone ^ ^ ^ produced 

m.crod.spens.ngme.odforf.u.dvo.ume ^ c n e c—d s0 th , a drop,. 

using * - '^c me accord,ng to dig.taUy stored ,mage 

^bep.acedonaspecmc.ocauonataspe^c m00 which 

data . Xypi ca.drop,et diameters ^ — - for demand mode 
[ra ns.ates to droplet volumes of 14-520 p . ^ ^ resotation and 

throughput of demand mode mkjetm. 
ult rahigh density hybridization wafer. 

Part B: Microdispensing System ^-on-demand ink- 

Jettyp.device.hereaf^rcalledaM.cro e - econd . m operating princes 
Uuce 50,m diameter droplets a. a rate . f WO P Model 0 f 

fthis type of device are to own<^ 
aDrop-On-Demandfn,*^^ 

publication 89-WA/FE-4, Decembe .989 ^ ^ ^ ^ ^ , 

inch (25mm) long. The eight a 
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H.ARC0001 u all of the reagents 

are dispensed. Mo, of the cyc.e tune s ^ Typical cycle 

5 seconds ,o calibrate the ~ ° or 2 minutes to -pense aU 8 

reagent on one location of each of ft. Kg ^ ^ ^ „ thus 3 . 5 minut es. 

reagents. Totaltimeto.oadand _ d ^ M minute , 

Total time for 64 reagents onto 16 sensors w 

syste m w«, consist of the subsystem, >«-e- ^ ^ ^ ^ 
w , M^^^^lJ^arern— b yus.n g a 

required drive electron.es. The sys ^ Dnve 

wa veform retirements for each -"-^^ con—1 methods, 
roller. The drive eiectronics - — d J ^ ^ ^ ^ $ ^ ^ 

,oad reagent into the system. ^ X . Y posiuonmg 

C. x . yP< ,«5>» e m-Acomme™ y _ cy „ n , m are readily 

each Microle, device relative to the position** sys« • ^ ^ ^ 

reagentlo adingcyc,e. ^*^ 1 ^L« IB *«----- ~ 

30 be advantageously employed. 
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" yS ' m IT .re an, processing also reside on the system controller. 
The vision system .mage capture 

EXAMPLE 6: Liquid Flow-Through ^ 

ln ord er to bind DNA probes or targets w.th.n th P ^ 

orrv out the hybridization and washing step*, v 

ma terial for re-use. and po— r ^ rf ^ through me 

hybridization wafer, it is pacKag A polypropylene vacuum 

chamber with a Delrtn o-ring around . u - ,^P^ ^ ^ ^ , 

tne vacuum manrfold to form a sea. >s P ■ ^ ^ feedback 

Fig . 4. For control of fluid flow through the wafer 
control is provided. 

15 EXAMPLE 7: ^^^Zn^^ 
Oligonucleotides to be used ^ ^ Caruthers, M.H. 1981. Tet. Lett, 
phosphoramidite chemistry (Beaucag _ ^ rf over a 

22;185 9-1862) using the segmer^ed syn«hes,s stfa gy ^ 
20 hundred oligonucleotides s.mu.taneously (Beatne, ^ .. ^ ^ 

Espinosa-Lara,LM.,M,donado-Rodr,gue,R d «-T ^ ^ 

54926,27). The oligonucleoudes can be denv 
t hechemicalsynthesis,eid,era. ttl e 5 '-endorthe3-end. 

Optimal procedures for attachment of ^ ^ ^ Loudon, G. M- (1978) 

on well-established silicon chemistry (ParKam^. ^ ^ ^ D ^ 

Biochem. Biophys. Res. Commun - . ^ ^ u used t0 

Homes, E. (19M) Actds Res. 16. 10861 ^ ^ 

specifically reacts with a terminal pnmary amme gro 
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range by mixing long TM s strategy essentially produces a 

monolayer of tethered DNA, inter p 
attachment of o.igonucleotidesdown^ 

spacers are op— Introduced onto the ends of t* ^ 

0 P f triethyiene g.ycol - **. ^J^-** — 

lmk er arms are useful for determining how far from the rt* 

j m h , read ii y accessible for pairing with the target 
should be separated to be readuy ^ ^ ^ 

Thi o, chemistry, adapted from the method of Whit s aes a ^ ^ 

nation of monomers on gold a nd fences cited 

rr— pro T;r:: : : — = - or 

oromoacetylated oHgonuc.eot.des. The density _ 
pl atinium surfaces is controiled at the surface-activation stage, by 

miXW TlnIce— ..tionofKe— t Vector OH. , cO NA and PC, 

, CO va,e„. attachment of^S^eo^J^. =_ 

DNAjH^LliS'Ei^Hii^^^-'"^^^^^ j acid molecu ,es at a few sites 
op t im^^«bilization of remains mailable 

pe, target are defined, such that the bulk of ***T"" "^L^ with pla tinum or 
for hyb—. In the case of «M^^ ng polymeria 
gold , hexylamine groups are first incorporated into the target 
PCR or random priming) in the presence of 5-hexy.am,ne-dUTP, 



15 



20 



10 



15 
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HARC0001 atta chment to thiolated 

bromoacetylation step is carried out to activate the ^^^^ (varying the dTTP/5- 
„, surfaces Again, routine experimental .s employed (varymg 

^^^^^^^ 

Part C- DNA binding capacity 
oli gonucleotides to fiat glass and gold surfaces, ^ ^ ^ 

.pp—e.y of bound olig onuc,eo,ides per 

porous silicon in the rubricated wafer. The y ^ 
Loss sectiona, area is estimated by end-iabeling pnor o — rf ^ 
stating the radioacttvity using - ^™ ^ 0 f 
octreotides dried onto the surface are ^ ^y.amtne-bearing plasmld 
binding density. F^^T"^ it Lown that at .east i0'\ ^ ^ 0 
DNA to epoxys— fiat glass surfaces , " on ^ denslty \ ^ 



20 



25 



30 



EXAMPLE 8: Hybridization Conditions 

Part A: Sample preparation reac tion, incorporating 

™— --»^'™r„»:u. — ■ 

+ polynucleotide kmase to 5 -label the P CR fragments is 5'-biotin- 

re moved by Centricon filtration. Preferably on chromatograp hy. 
lab e.ed to enab.e preparation of sing, strands by s ^ ^ 

EDTA ,3.3M.e— y— ™^ : fmo , PCRftag men G ofafe W 
fmol/^D and specific activity of at least 5,^ 
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hundred bases in length are su, 
oUgonucleotides of at least octamer length. 

Part B: Hybridization. , h , norous regions of the chip and 

T he target DNA sample is flowed mto n solution 

"~«~- s ~■■~ h, ' , ' , • , 

tetramethylammonium chloride. (discrim ination against mismatch- 

Part C: Optimization of hybndtzauon selecuvtty 
0 containing hybrids „ ditio ns described above generally yield acceptable 

discrimination between perfect hyb ^ ^ ffie 

..peracure of hybridization and wa hm c» b ^ ^ for 

15 hybridization with short oligonucleot.de, Htgher t 
hybridization using longer probes. 

EXAMPLE 9: Quantitative Detectton of Hybndizatton 
PartA: Phosphorimager and film detecnon 

met hodsthatarew W e,yavaUable: ^^^^^ 
phosphorimager has a sample «-*^^«- - »— * " 

chemiluminescence detection available from ^ ^ sl y use d with the Biorad 

„en, 

(random-primed vector DNA or PCK g ^ beanng 

supplier. Thereafter, the DNA is hy ^ - ~ ^ ^ ^ 

oHgonucleotide probes. "W- ^ Film exposure is used for 

30 — rr— 
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t drably the radioactive tags (incorporated using 

oligonucleotides are generally not available. 

Part B: CCD Detection Devices - mum resolut ion and sensitivity and 

CCD genosensor devices are capable of maxtmum — Varma 

R Fowler, R., Smith, S., Hogan, M., Beattie, K.L., Egg 
M a ndKosicki,B. 1993. Nature, submttted). 

Hamsters Gene ly as a mode , system for srudies of muution. The 

^ ^ gene ,s used extensive y ^ ^ ^ ^ ^ 

g e„e has been cloned and sequenced from * era, inthehamster 
this gene are known and were character, < ^ ^ and from 

h umans (associated withUsch Nyhan syndrome). ^ e xons 7 and 8. The 

references: Edwards, A Voss, ■ _ • ^ w . (1990 ), Automated 

20 C, Zinimermann, J., Erfle, ^ g Gjbbs , R „ 

DNA Sequencing of the Human HPRT DNA 
Nguyen, P.*. Edwards, A., Civitello, A. an C-M^ ^^^se 
Deletion Detection and ExonSequenang of the Hypo ^ ^ ^ ^ r ^ 
Gene in Lesch-Nyhan Families, Genom.cs, 7^235- _ for ^ 

u . a a992) Polymerase chain reacuon-based Comprehe 

p h osphoribosy.transferase ,ocus in , — H~ r 0- .. ^ ^ ^ 

7 Yu Y., Gibbs, CasKey, »~ 
19:267-273; and Xu, L., 
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Chinese Hamster Cells, Mutat. Res., 282.237 . 

hnrt exon 7/8 region is listed as follows: 
cDNA of hamster hprt exon //o 



540 

520 
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GATTTGAATC (SEQ ID NO:l) 



harcoooi ^^^i*—***-*™ 

™ f °" 0Wmg ^eCHO — are depict above (0 and the human 
ta me exon 7/8 regton where the CHO xhe DNA sequence which begins 

W and mouse (m) seance differences heicw 0, ^ ^ ID 

i N0: 2 for sequences of hamsttr, human and m . . ,. g - tacagTTGT" and ending with 
ofCHO ce„ .ere— of hamster, hurnan and 

■GAATgtaaf is designated as SEQ ID Na 
mouse and SEQ ID NO:5 the sequence of CHO cells. 



-aacagCTTGCTGGTGAAAAGGACCTCTCG£AGJJ£X£GG.ATATAGGCCAG 



C A 
m h 



tacagTTGTTGGATTTGAAATTCCAGACAAGTTTGTTG 

ACTgtaag tacag 



20 T^GGATATGCCCTTGACTATAATGAGTACTTCAGGG^TTTGAATgCaat- 
A 

A 



5 *-^.^-*---^TJ^- 

(in small .etters) on the second Lne, and at the nd ^ ^ 

30 whichDNAsamp.es areava^w _ 

^eted to this regton can detec an ^ ^ M 

displayed mutations in hamster base deletion (second line), single base 

including a 10-basede.etion (top Une), smgle base 
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(m). 



Xhe se, of C-*-* »«*- (of 8 10 « fc ^ * 



OOTG^AGGXCCTCTCaai^SllSa^aGCCAG 



-aacagCTTGCTGG' 

1 i 

3 C A 



C A 
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i- acaaTTGTTG< 
ACTgtaag tacagu 



11--- 

[G ATTTGAAATTCCAG2,CAAGTTTGTTG 

1 1 
G 

-16-— -—18 — 



TTGGATATG 1 



14 

-15— —17 — 

.GTACTTCAGGSATTTGAATgtaat 



------ --»- 



C C CTTG ACT AT AATG AG' 



20 



25 Table I, as follows: 



PC Rprimersforexons7&8: 

Sequence p- i) fT ^ XI n.« 
^ rTTCTATTGTCTTTCCCATATGTC (SE Q1 DN0.6, 

tcagtctggtcaaatgacgaggtgc ^.dnot, 

, MHEX82 Lrr C TrTACAGTTGTTGGA(SEQ.DNO ;8 ) 

CA^AA^A^^'^ A ^ l ^ < "^^ ( ^ AA ^ * SE ^ ID 
HEX82 UAl 



9m er with amine at 5'-end: 

Sequence (5'->3') 

Name 



10 -A (554) 
+A (586/7) 
15 .10(509-518) 
A-G(545) 



20 



G-C (601) 



25 



30 



TGCTGGAAT 

ACTCATTTATA 
^EQ1DNO:10) 

TATATGAGAG 
(SEQIDNO-.U) 

ATTCCAAATC 
(SEQ1DN0:12) 

CAAATGCCT 



Name Sequence (5'->3') 

1 AGCAAGCTG 

2 TTTCACCAG 

3 AGGTCCTTT 

4 CTTCGAGAG 

5 TCCAACACT 

6 GCCTATATC 

7 AGTCTGGC 

10 GTCTGGAAT 

n ACAAACTTGT 

1 (SEQ ID "NO: 15) 

\2 TCCAACAAC 

13 GGGCATATC 

14 TAGTCAAGG 

16 CTGAAGTAC 

17 CAAATCCCT 



35 
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HARC0001 • hish density microfabricated device according to the above 

examples is constructed ana m 

, • f,vi» wafer Included are the nonnalprob^MSJpws™ v 
noundedregtons of thewafer. above nations 

5 (sit es .9 and 20, respecvely). The foregoing label ( , P ) is 

amplify the exons 7/8 region of hamster genomic DN A. A ^ 
incorporated into the PCKf^ 

^ridi^ation by autoradiography or r^^' '^^^^ 

JL on !eft and A-G transition on right) are shown at the bottom. 
EXA MP L EU:Prof.l,ngofOene Expression Usmg cDHA Cones Arrayed m Porous 
Silicon 

rC^-areactWatedtobindamme— d poiynuc.eot.des by 

20 reaction with epoxysi.ane, as described in EXAMPLE 4. 
Part B: Formation of cDNA Array 

, 00'C for 5 min., men quenched on ,ce and applied to ^ g _ 

poroU s wafer suing a Hami.ton Microrab 2200 fluid deUve. e P 

30 i„cubationatroomtemperatureovern,ghtorat60 Cfor 
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poxygroupson^.urface.thenflushedagainwi.hw^wa.e^d^ned. 

„. u M>l56-159 (1993)),treatedwithDNAseltoremoveDNA 
cc—ton, ~ J d descrifeed in the „ di „ dispiay" P-col of 



10 

removed by Centricon filtration 



d by Centricon mu»u«u. 

Part D' Hybridization of Expressed Sequences to cDNA Array 

DNA, then the ^^j e( j pcR fragments representing the 3'-end of 

eXPreSSedS "Taferts flooded with this DNA soiufon. The porous hybridan 
module is placed at to <~ anu v course 





20 

65°C. 
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HARCOUUi 

v, ,v„,cDNA arrays to yieid the two hybridization signal patterns shown. These 
•otwcdenttcalcDNA ^ ^ ^ ^ conditions 



each site. 
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SEQUENCE LISTING 



(1 ) GENERAL INFORMATION: 

(i ) APPLICANT: Seattle . Kenneth L. 

(iii) NUMBER OF SEQUENCES: 17 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Vinson & Elkins 

{B) STREET : 1455 Pennsylvania Avenue, N.W. 

(C) CITY: Washington 

(D) STATE: D.C. 

(E) COUNTRY: U.S.A. 

(F) ZIP: 20004-1008 

(v) COMPUTER READABLE FORM: 

(A ) MEDIUM TYPE: Floppy disk 

(B ) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM : PC-DOS/MS-DOS 

(D) NETWARE: Patentin Release #1-0, Vers.cn #1.25 

(vi) CURRENT APPLICATION DATA: 

(A ) APPLICATION NUMBER: To be assigned 

(B ) FILING DATE: ll-April-1996 

(C) CLASSIFICATION: 

(viii ) ATTORNEY / AGENT INFORMATION: 

(A) NAME : Sanzo, Michael A. 

( B ) REGISTRATION NUMBER: 36,912 

{C ) REFERENCE /DOCKET NUMBER: HARCOOOl 

(ix) TELECOMMUNICATION INFORMATION : 
(A) TELEPHONE: (202)639-6500 
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(B) TELEFAX: (202)639-6604 



{2 ) INFORMATION FOR SEQ ID N0:1: 

(i ) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 0 base pairs 

(B) TYPE nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 



(ii ) MOLECULE TYPE: cDNA 

(xi , SEQUENCE DESCRIPTION : SEQ ID NO 
GCAAGCTTGC TGGTGAAAAG GAC= T C T CGA AG~ C T ~ ^ 

TTTGAAATTC TGTTGTTGGA «^ — ^ GTACTTCAGG .0 

130 

GATTTGAATC 
(2) INFORMATION FOR SEQ ID NO : 2 : 

(i ) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 57 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii ) MOLECULE TYPE: DNA (genomic) 

(vi) ORIGINAL SOURCE: • 

(A) ORGANISM: hamster, human and mouse 

(xi ) SEQUENCE DESCRIPTION: SBQ..ID NO : 2 : 

AACAGCTTGC TGGTGAAAAG GACCCTKGA ~ «~ 
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(2 ) INFORMATION FOR SEQ ID NO:3: 

(i ) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 7 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(ii ) MOLECULE TYPE: DNA (genomic) 

(Vi) ORIGINAL SOURCE: 

(A) ORGANISM: CHO cells 

(xi ) SEQUENCE DESCRIPTION: SEQ ID NO:3: 

carTTCTCAT ATAGGCCAGA CTGTAAG 
AACAGCTTGC TGGTGAAAAG GACCTCTCAT A 



(2) INFORMATION FOR SEQ ID NO 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 87 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

MOLECULE TYPE: DNA (genomic) 

(vi) ORIGINAL SOURCE: 

(A ) ORGANISM: hamster, human and mouse 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO : 4 : 
TACAGTTGTT GGATTTGAAA TTCCAGACAA GTTTGTTGTW GGATATGCCC TTGACTATAA 
TG ART AC TT C AGGRATTTGA ATGTAAT 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 7 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: CHO cells 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 
TACAGTTGTT GGATTTGGAA TTCCAGCAAG TTTGTTGTTG GATATGCCCT TGACTATAAA 
TGAGTACTTC AGGCATTTGA ATGTAAT 

(2) INFORMATION FOR SEQ ID NO : 6 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 
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(xi) SEQUENCE DESCRIPTION: SEQ IDNO:6: 
GTTCTATTGT CTTTCCCATA TGTC 

(2) INFORMAT I ON FOR SEQ ID NO:7: 

(1 ) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : both 
<D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ IDNO:7: 



TCAGTCTGGT 



CAAATGACGA < 



(2) INFORMAT I ON FOR SEQ ID NO 

(i) SEQUENCE CHARACTERISTICS: 

( A ) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(xi , SEQUENCE DESCRIPTION: SEQ ID NO: 
CTGTGATTCT TTACAGTTGT TGGA 
(2 ) INFORMATION FOR SEQ ID NO:9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

( C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 
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(xi , SEQUENCE DESCRIPTION: SEQ ID NO : 9 : 
CATTAATTAC ATTCAAATCC CTGAAG 



(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : both 

(D) TOPOLOGY: linear 

(xi ) SEQUENCE DESCRIPTION: SEQ 
ACTCATTTAT A 



(2 ) INFORMATION FOR SEQ ID NO: 11: 

(i ) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

( C ) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ 
TATATGAGAG 



(2) INFORMATION FOR SEQ ID NO : 12 : 

{i ) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs, 

(B) TYPE : nucleic acid 

(C) STRANDEDNESS: both 



HARC0001 

(D) TOPOLOGY: linear 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 



(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : both 

(D) TOPOLOGY: linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:13: 



(2) INFORMATION FOR SEQ ID NO : 14 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ 



ATTTCAAATC 
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(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : both 

(D) TOPOLOGY: linear 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 



ACAAACTTGT 



(2) INFORMATION FOR SEQ ID NO : 16 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : both 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:16: 



(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : both 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ i ID NO: 



AATTACATTC A 



